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(57)  After the establishment of the saturation state
of a contrast medium which has flowed into a subject for
photographing inside a patient given the contrast medi-
um, scan is performed under a high acoustic pressure
adapted to break the bubbles of the contrast medium,
so as to refresh the section for the photographing, and
to acquire the maximum value of echo signal intensities.

FIG. 1

Ultrasonic diagnostic equipment and image processing apparatus

Subsequently, scans by ultrasounds under a low acous-
tic pressure or a medium acoustic pressure which does
not break the contrast medium are carried out a plurality
of times at different timings, thereby to execute a scan
sequence for acquiring in-vivo information necessary for
a TIC analysis. Data obtained by the scans are analyzed
in a blood-flow-index estimation unit, and are displayed
in a predetermined scheme.
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Description

[0001] The present invention relates to ultrasonic di-
agnostic equipments wherein, in a mode where ultra-
sounds which are based on a low acoustic pressure that
does not burst the bubbles of a contrast medium are
transmitted when the contrast medium is given and
where the intensity changes of the ultrasounds are ob-
served, the bubbles are broken by transmitting a high
acoustic pressure capable of bursting the bubbles in a
moment, an index about blood flow information is esti-
mated on the basis of the data of an echo signal group
before and after the breaking of the bubbles, and the
estimated information is offered to an observer.

[0002] In an ultrasound contrast examination, a con-
trast medium which is made of shellless micro bubbles
or shelled ones formed of sugar or fat is used, and a
blood flow movement is observed by utilizing the en-
hancement of echo signals based on the contrast me-
dium, thereby to diagnose the function of an internal or-
gan, to differentially diagnose a tumor or to diagnose the
degree of progression of the tumor, or to follow up a ther-
apeutic effect. Contrast media which are currently per-
mitted to be injected into blood from veins for the pur-
pose of ultrasonic diagnoses, within the State of Japan,
are of the property of generating intense signals when
the contrast media are caused to decay and disappear
by ultrasound projection. The contrast medium of this
property can produce a greater contrasting effect by
positively breaking bubbles. However, each time the
bubbles are broken for imaging, the contrasting effect is
shortened. It is therefore impossible to observe intensity
changes repeatedly with one time of contrast medium
injection. The contrast medium must be sometimes in-
jected anew, depending upon the contents of the diag-
nosis. When the quantity of injection increases in this
manner, a patient is forced to bear a physical burden
and an economical burden correspondingly.

[0003] Meanwhile, in recent years, bubbles which
generate intense nonlinear signals without being broken
by low-acoustic-pressure ultrasounds have been devel-
oped as ultrasound contrast media of next generation
(hereinbelow, also termed "next-generation contrast
media"). The next-generation contrast medium presents
the enhancement of the signals under a low acoustic
pressure without causing the bubbles to decay and dis-
appear as in the conventional contrast medium, so that
it permits a region of interest to be repeatedly diag-
nosed. Incidentally, at present, the next-generation con-
trast media are at the stage of clinical drug trials within
the State of Japan. In contrast, they have already been
authorized and employed at clinical sites in some over-
sea regions.

[0004] Most suited as an imaging method which em-
ploys the bubbles of such a next-generation contrast
medium is a technique which does not directly apply the
conventional method of causing the bubbles to decay
by transmitting ultrasounds under the high acoustic

10

15

20

25

30

35

40

45

50

55

pressure, but which transmits the ultrasounds under a
low acoustic pressure that does not cause the bubbles
to decay, and which utilizes the reflected waves of the
transmitted ultrasounds. The manufacturers of ultrason-
ic diagnostic equipments have developed equipments
capable of coping with the next-generation contrast me-
dia, and have already put these equipments into the
market.

[0005] On the other hand, as an imaging technique
employing the ultrasound contrast medium has been es-
tablished in recentyears, it has been vigorously attempt-
ed to offer, not only an image requiring a subjective judg-
ment for a diagnosis, but also objective quantitative in-
formation. The "objective quantitative information" is, for
example, that quantitative information on a blood flow
which is obtained from the changes of signal enhance-
ment versus time as are based on the contrast medium.
Owing to such quantitative information, it is possible to
make the diagnosis of the function of an internal organ
or the differential diagnosis of a tumor and the diagnosis
of the degree of progression of the tumor more objec-
tively.

[0006] When the quantitative information is to be ac-
quired using the conventional ultrasound contrast me-
dium (which is not of the next generation), high-acous-
tic-pressure ultrasounds (ultrasounds for imaging) need
to be projected a plurality of times with transmission in-
tervals changed. Ultrasound scans are performed many
times at the different transmission intervals in this man-
ner, for the following reason: as already stated, the micro
bubbles forming the conventional ultrasound contrast
medium are caused to decay and disappear by the pro-
jection of the high-acoustic-pressure ultrasounds for im-
aging, and the bubbles (the contrast medium) within a
scanning plane are broken by each time of transmission.
In order to collect data corresponding to various elapsed
times, therefore, ultrasound transmission operations in
which the respective time periods are individually
caused to lapse are required. In a case, for example,
where the data of a TIC (Time Intensity Curve) till 20
[seconds] are sampled and collected at time intervals of
one [second], a time periodof 1 +2+ 3 + ... + 18 + 19
+ 20 = 210 [seconds] is expended.

[0007] FIG. 11A is a diagram showing a scan se-
quence example in the case where high-acoustic-pres-
sure ultrasounds are projected with transmission inter-
vals changed. Echo signals obtained by ultrasound
transmission conforming to the sequence are plotted in
correspondence with the respective time intervals as
shown in FIG. 11B. A function thus found becomes a
curve (time intensity curve) indicative of a state where
a contrast medium is accumulated with the lapse of time.
A doctor, et al. can obtain objective quantitative infor-
mation on the basis of the curve.

[0008] However, problems as stated below by way of
example are involved in acquiring the objective quanti-
tative information with the ultrasound contrast medium.
[0009] In the first place, operator such as a doctor
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must continue to hold an identical section during the in-
termittent transmission with the time intervals changed.
This is difficult due to the motions of internal organs in
a photographing mode, and from a technical viewpoint.
[0010] Secondly, breath holding for a long time period
(which is generally said to be about 10 - 15 seconds
though opinions differ depending upon doctors and
technicians) must be required of a patient in order to
suppress the organic motions in, for example, the ab-
dominal region. This becomes a heavy burden particu-
larly on the elderly, patients of low physical strengths,
and others.

[0011] Thirdly, in a case where the section of data ac-
quired at the different time intervals has shifted due to
a two-dimensional or three-dimensional movement, the
reliability of the quantitative information lowers.

[0012] Incidentally, as disclosed in, for example,
JP-A-2003-61959, a photographing time period in such
problems involved in the acquisition of the quantitative
information can be shortened to a certain degree by con-
triving the scan sequence of the high-acoustic-pressure
ultrasounds. From the viewpoint of lightening the bur-
dens on the photographer and the person to-be-photo-
graphed, however, it is desired to shorten the photo-
graphing time period still further.

[0013] The present invention has been made in view
of the above circumstances, and has for its object to pro-
vide ultrasonic diagnostic equipments which are capa-
ble of ultrasound scans by techniques adapted to satis-
factorily exploit the characteristics of next-generation
contrast media, whereby burdens on a photographer
and a person to-be-photographed in a photographing
mode can be lightened.

[0014] According to an aspect of the present inven-
tion, there is provided an ultrasonic diagnostic equip-
ment comprising an ultrasonic probe which transmits
and receives ultrasounds to and from a subject for pho-
tographing within a patient given a contrast medium; a
drive unit which generates a drive signal for driving the
ultrasonic probe, and which feeds the drive signal to the
ultrasonic probe; a control unit which controls the drive
unit on the basis of a sequence for collecting changes-
versus-time of a contrast medium density within the sub-
ject for photographing, the sequence being formed so
that, after the contrast medium flowing into the subject
for photographing has substantially fallen into a satura-
tion state, first ultrasounds at an intensity at which the
contrast medium is broken may be projected from the
ultrasonic probe, and that, at different timings after the
projection of the first ultrasounds, second ultrasounds
at an intensity at which the contrast medium is not bro-
ken may be projected from the ultrasonic probe at least
twice; an analysis unit which analyzes information on a
blood flow of the subject for photographing, on the basis
of ultrasonic echoes received by the ultrasonic probe,
and which thereby obtains an analytical result; and a dis-
play unit which displays the analytical result.

[0015] According to another aspect of the present in-
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vention, there is provided an image processing appara-
tus comprising a memory which stores therein echo sig-
nals obtained in accordance with a scan sequence for
collecting changes-versus-time of a contrast medium
density within a subject for photographing inside a pa-
tient, the scan sequence being formed so that, after a
contrast medium flowing into the subject for photograph-
ing has substantially fallen into a saturation state, first
ultrasounds at an intensity at which the contrast medium
is broken may be projected, and that, at different timings
after the projection of the first ultrasounds, second ul-
trasounds at an intensity at which the contrast medium
is not broken may be projected at least twice; an anal-
ysis unit which analyzes information on a blood flow of
the subject for photographing, on the basis of the echo
signals stored in the memory, and which thereby obtains
an analytical result; and a display unit which displays
the analytical result.

[0016] This summary of the invention does not nec-
essarily describe all necessary features so that the in-
vention may also be a sub-combination of these de-
scribed features.

[0017] The invention can be more fully understood
from the following detailed description when taken in
conjunction with the accompanying drawings, in which:

FIG. 1 shows a block arrangement diagram of an
ultrasonic diagnostic equipment embodying the
present invention;

FIG. 2 is a flow chart showing the processing steps
of a TIC analysis which the ultrasonic diagnostic
equipment makes;

FIG. 3 is a diagram schematically showing the flow
of scans since the push of a sequence start switch;
FIG. 4 is a diagram showing a TIC obtained by the
TIC analysis process;

FIG. 5 shows an enlarged diagram corresponding
to the time period t, - t3 of the TIC shown in FIG. 4;
FIG. 6 is a diagram exemplifying a mean transit time
and a designated-signal-intensity arrival time which
are obtained by the TIC analysis process;

FIG. 7 is a diagram for explaining an example of a
display method for blood flow information obtained
by the TIC analysis process;

FIG. 8 is a diagram for explaining another example
of the display method for the blood flow information
obtained by the TIC analysis process;

FIG. 9 is a diagram for explaining still another ex-
ample of the display method for the blood flow in-
formation obtained by the TIC analysis process;
FIG. 10 is a diagram showing in-vivo information
MTB (Mean Transit Beat) which can be analyzed by
utilizing information obtained by the TIC analysis;
and

FIG. 11A is a diagram showing a scan sequence
example in the case where high-acoustic-pressure
ultrasounds are projected with transmission inter-
vals changed, while FIG. 11B is a diagram showing
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a time intensity curve which has been depicted by
plotting echo signals obtained by ultrasound trans-
mission conforming to the sequence in FIG. 11A.

[0018] Now, the first and second embodiments of the
present invention will be described with reference to the
drawing. By the way, in the ensuing description, identical
signs will be assigned to constituents having substan-
tially the same functions and configurations, and the
constituents shall be repeatedly described only in nec-
essary cases.

[0019] Incidentally, the embodiments shall exemplify
cases of using a contrast medium of next-generation
type. Besides, the "contrast medium of the next-gener-
ation type" shall signify a "contrast medium which can
attain a satisfactory signal enhancement effect even
when contrast medium bubbles are not broken, in an
ultrasonic diagnosis", while a "contrast medium of con-
ventional type" shall signify a "contrast medium which
cannot attain a satisfactory signal enhancement effect
unless contrast medium bubbles are broken, in an ultra-
sonic diagnosis". Mentioned as a typical example of the
next-generation contrast medium is a contrast medium
formed of bubbles whose shells are made of fat or a sur-
factant and in which the air or fluorocarbon being an inert
gas is contained in the shells.

(First Embodiment)

[0020] The configuration of an ultrasonic diagnostic
equipment according to the first embodiment will be de-
scribed with reference to FIG. 1. The figure shows a
block arrangement diagram of the ultrasonic diagnostic
equipment. As shownin FIG. 1, the ultrasonic diagnostic
equipmentis configured of an electrocardiograph (ECG:
ElectroCardioGraph) 1, an ultrasonic probe 4, the equip-
ment proper 22, an operation panel 15, and an input de-
vice 35. The constituents of the equipment will be ex-
plained below.

[0021] The electrocardiograph (ECG) 1 measures a
graph in which a temporal variation in the electric phe-
nomenon of the heart of a patient P is recorded, that is,
an electrocardiogram. An electrocardiac waveform sig-
nal detected by the electrocardiograph 1 is sent to a ref-
erence data memory 3 through an amplifier 2. If neces-
sary, the signal is sent to a display unit 21 through a
memory composition unit 11 so as to be displayed as an
electrocardiac waveform.

[0022] The ultrasonic probe 4 has a plurality of piezo-
electric vibrators which are acoustic/electric reversible
transducers made of piezoelectric ceramics or the like.
The plurality of piezoelectric vibrators are arrayed, and
are disposed at the distal end of the probe 4.

[0023] The operation panel 15 is connected to the
equipment proper 22, and it is furnished with the input
device 35 (including a mouse 13, a track ball 14, switch-
es 16 and a keyboard 17) for accepting various direc-
tions, instructions and information from an operator into
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the equipment proper 22, and for performing the settings
of aregion of interest (ROI), etc. Incidentally, the switch-
es 16 of the input device 35 include a mode changing
switch, an image quality adjusting switch, an image sav-
ing switch and a measurement start switch, and be-
sides, a switch for starting a quantitative information
analysis (TIC analysis) as will be stated later. The pho-
tographer operates the switches at suitable timings,
whereby he/she can automatically execute a series of
operations conforming to a sequence for the TIC anal-
ysis; scan, data saving, the analysis (estimation) of a
blood flow index, and the display of an analytical result.
[0024] With a control circuit (CPU) 20 as the control
center of the whole system, the equipment proper 22
includes the amplifier 2, a B-mode unit 30, an ultrasound
reception unit 5, an ultrasound transmission unit 6, a re-
ceiver unit 7, a B-mode digital scan converter (DSC) unit
8, a color flow mapping (CFM) unit 9, a CFM-mode DSC
unit 10, the memory composition unit 11, a frame mem-
ory 12, atiming signal generator 18, a trigger signal gen-
erator 19, the display unit 21, a blood-flow-index esti-
mation unit 25, and a storage unit 27.

[0025] The ultrasound transmission unit 6 and the ul-
trasound reception unit 5 are connected to the ultrasonic
probe 4.

[0026] The ultrasound transmission unit 6 includes a
pulse generator 6A, a transmission delay circuit 6B and
a pulser 6C.

[0027] The pulse generator 6A recurrently generates
rate pulses at a rate frequency fr Hz of, for example, 5
kHz (period; 1/fr second). The rate pulses are distributed
in the number of channels, and are sent to the transmis-
sion delay circuit 6B. The transmission delay circuit 6B
focuses ultrasounds into the shape of beams, and gives
the individual rate pulses delay times which are neces-
sary for determining a transmission directivity. Inciden-
tally, a trigger pulse from the trigger signal generator 19
is fed as a timing signal to the transmission delay circuit
6B through the timing signal generator 18. The pulser
6C impresses a voltage pulse on the probe 4 every
channel at a timing at which the rate pulses have been
delivered from the transmission delay circuit 6B. Thus,
the ultrasound beams are transmitted to the patient P.
[0028] Reflected waves which have been reflected
from the discontinuity plane of an acoustic impedance
within the patient P, are received by the probe 4. Echo
signals which are outputted from the probe 4 every
channel, are accepted into the ultrasound reception unit
5.

[0029] The ultrasound reception unit 5 includes a
preamplifier 5A, an A/D converter 5B, a reception delay
circuit 5C and an adder 5D. The preamplifier 5A ampli-
fies the echo signals accepted into the ultrasound re-
ception unit 5 through the probe 4, every channel. Delay
times necessary for determining a reception directivity
are given to the amplified echo signals by the reception
delay circuit 5C, and the resulting echo signals are add-
ed up by the adder 5D. Owing to the addition, a reflection
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component from a direction corresponding to the recep-
tion directivity of the echo signals is emphasized. The
overall directivity of the ultrasound transmission and re-
ception is determined by the reception directivity and the
transmission directivity. The overall directivity is usually
called "scan lines".

[0030] The receiver unit 7 subjects the echo signals
delivered from the ultrasound reception unit 5, to phase
detection by a phase detection circuit 7A, so as to ex-
tract signals of desired frequency band by an echo filter
7B. The extracted data are sent from the receiver unit 7
to the B-mode unit 30 and the color flow mapping unit 9.
[0031] The B-mode unit 30 is constituted by an enve-
lope detection circuit 30A and a logarithmic converter
30B. The envelope detection circuit 30A detects the en-
velope of the output signals delivered from the echo filter
7B. The data thus detected is called "B-mode detection
data". The logarithmic converter 30B subjects the B-
mode detection data to a compression process based
on logarithmic conversion. Incidentally, while the signals
after the envelope detection and before the logarithmic
conversion are called the "B-mode detection data" as
stated above, data after the envelope detection and af-
ter the logarithmic conversion are sometimes called "B-
mode raster data".

[0032] The color flow mapping unit 9 is constituted by
a phase detection circuit, an analog-to-digital converter,
an MTI filter, an autocorrelator and an arithmetic unit
though not shown. This color flow mapping unit 9 ex-
tracts blood flow components based on the Doppler ef-
fect, and obtains blood flow information items, such as
a mean velocity, a variance and power, at multiple
points. The blood flow information items are sent to the
display unit 21 through the CFM-mode DSC unit 10 as
well as the memory composition unit 11, and are color-
displayed as a mean velocity image, a variance image,
a power image, and an image in which these images are
combined.

[0033] The frame memory 12 stores the data of echo
signal groups at individual processing stages (for exam-
ple, RF data obtained after phasing addition, IQ data ob-
tained after phase detection, B-mode detection data, B-
mode raster data, and B-mode orthogonal transforma-
tion data obtained through orthogonal coordinate trans-
formation by the B-mode DSC unit 8) every frame there-
in. The data can be read out of the frame memory 12 at
any desired timing.

[0034] The control circuit 20 performs controls con-
cerning the operation of the ultrasonic diagnostic equip-
ment, especially a control concerning an ultrasonic im-
age diagnosis based on intermittent transmission as will
be stated later, as the control center of the whole sys-
tem.

[0035] The blood-flow-index estimation unit 25 arith-
metically estimates (or analyzes) an index about blood
flow information, on the basis of echo signals obtained
by ultrasound scans. Here, the "index about blood flow
information" is the gradient (or rate) of the rise of inten-

10

15

20

25

30

35

40

45

50

55

sity signals based on a TIC (Time Intensity Curve), a
maximum-intensity arrival time, an MTT (Mean Transit
Time), or the like.

[0036] The estimation of the index about blood flow
information in the blood-flow-index estimation unit 25
proceeds as stated below. The blood-flow-index estima-
tion unit 25 invokes a predetermined echo signal group
stored in the frame memory 12, and calculates a mean
value or the like representative value within an estima-
tion area, on the basis of the intensities of echo signals
at individual sample points. The representative value is
the intensity (echo signal intensity) mean value, a max-
imum intensity value, a minimum intensity value, a most
frequent intensity value, an intensity median, or any oth-
er statistical representative value concerning the inten-
sities. By the way, in case of utilizing the signal group of
the B-mode raster data, the B-mode orthogonal trans-
formation data or the like subjected to the logarithmic
conversion beforehand, a logarithmic inverse conver-
sion process needs to be executed for restoring the data
to the linear data, before calculating the representative
value.

[0037] Inaccordance with a scan sequence to be stat-
ed later, an echo signal group before bubbles are broken
by high-acoustic-pressure transmission is obtained as
the maximum value by the above calculation. The blood-
flow-index estimation unit 25 obtains the TIC by estimat-
ing a straight line or a curve in such a way that the rate
of change of signal intensities versus time is fitted by a
straight line approximation or a curve approximation on
the basis of that change of the signal intensities between
frames which has been found using the maximum value
and an echo signal group obtained by low-acoustic-
pressure transmission subsequent to the high-acoustic-
pressure transmission. Besides, the blood-flow-index
estimation unit 25 makes an analysis utilizing the TIC,
thereby to calculate the index about blood flow informa-
tion. The calculated index about blood flow information
is stored in the frame memory 12 again. Incidentally, the
scan sequence for obtaining the TIC is so constructed
that scans by the low-acoustic-pressure transmission
are performed a plurality of times in order to obtain index
values at different times, and that the high-acoustic-
pressure transmission is not performed during the scans
by the low-acoustic-pressure transmission.

[0038] The B-mode digital scan converter (DSC) unit
8 and the CFM-mode digital scan converter (DSC) unit
10 convert the scan-line signal train of the ultrasound
scans as inputted from the B-mode unit 30, into the data
of an orthogonal coordinate system as based on spatial
information. Video format conversion is performed in
sending data from the memory composition unit 11 to
the display unit 21.

[0039] The memory composition unit 11 composites
character information items of various setting parame-
ters, graduations, a guidance image to be stated later,
or the likes into one frame, and executes a process for
converting the frame into the scan-line signal train of a
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general video format represented by television, so as to
output a video signal to the display unit 21. Besides, in
an TIC analysis process to be stated later, the memory
composition unit 11 accepts the index about blood flow
information from the frame memory 12 and composites
the index with a background B-mode image in compli-
ance with the request of the photographer or the like, so
as to display the resulting image in a predetermined
form.

[0040] The display unit 21 displays morphological in-
formation within the living body and the blood flow infor-
mation as an image. Besides, in the case of employing
the contrast medium, the display unit 21 displays the
spatial distribution of the contrast medium, that is, a re-
gion where a blood flow or blood exists, as an intensity
image or a color image on the basis of a quantitative
information content obtained. The frame memory 12 is
included for storing the digital data output of the memory
composition unit 11 therein.

[0041] The storage unit 27 is storage means in which
an acoustic field V indicating the magnitude of a space
for an acoustic pressure capable of causing micro bub-
bles to decay and disappear is stored every depth D.
Incidentally, the values of the acoustic field V are deter-
mined by previous measurements or simulations in
which the parameters of ultrasounds projected from the
probe 4, such as a frequency, a focusing point and an
Ml value, are controlled. The storage unit 27 may be in
any form which can save and offer electronic data, such
as a hard disk, FD, CD or MD.

(Quantitative information analyses)

[0042] Next, a series of quantitative information anal-
yses which the ultrasonic diagnostic equipment makes
will be described. Incidentally, a case of making a TIC
analysis as the quantitative information analysis will be
exemplified in this embodiment. Herein, a TIC analysis
process is executed by the blood-flow-index estimation
unit 25 on the basis of the control of the CPU 20. By the
way, the quantitative information analysis may well be
executed in an image processing apparatus which is in-
carnated by a workstation or a personal computer.
[0043] FIG. 2 is a flow chart showing the processing
steps of the TIC analysis which the ultrasonic diagnostic
equipment makes. Referring to FIG. 2, the injection of
a (next-generation) contrast medium into the patient P
is first started (step S1) . The contrast medium is inject-
ed from a vein into blood continuously and slowly every
predetermined amount.

[0044] Subsequently, while observing an ultrasound
image which has been photographed in a scan mode
based on ultrasounds under a low acoustic pressure or
a medium acoustic pressure that does not break the
contrast medium, the photographer confirms that an ob-
ject to-be-diagnosed (such as internal organ) has been
sufficiently filled with the bubbles of the contrast medi-
um. Then, the photographer determines a section being
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a subject for the TIC analysis process and holds (or fix-
es) a probe at the section. Further, the photographer re-
quests the patient P to hold his/her breath and confirms
that the motions of the object to-be-diagnosed have
been suppressed. Thereafter, the photographer pushes
the start switch for starting regular photographing and
the TIC analysis process (a time at which the switch was
pushed will be denoted by t; below), thereby to start a
scan sequence (step S2).

[0045] When the start switch has been pushed, the
photographing based on the contrast echo method is ex-
ecuted (step S3). Since the next-generation contrast
medium is used, scans conforming to a conventional se-
quence are not appropriate for the photographing. In the
ultrasonic diagnostic equipment, scans are executed on
the basis of a sequence as shown in FIG. 3 by way of
example, in order to exploit the characteristics of the
next-generation contrast medium to the utmost.

[0046] FIG. 3 is a diagram schematically showing the
flow of scans since the push of the sequence start
switch. As shown in the figure, the scans proceed in ac-
cordance with the following steps (1) through (3):

(1) In a time period from the time to to a preset time
t4, scan is executed by ultrasounds under a low
acoustic pressure or a medium acoustic pressure
which does not break the contrast medium. Owing
to the scan for the time period, echo signals in the
case where the quantity of the contrast medium in
the object to-be-diagnosed has reached a satura-
tion value (maximum value) are collected. The in-
tensities of the echo signals (harmonic compo-
nents) obtained in the time period become a maxi-
mum value.

(2) In atime period from the time t to atime t,, scan
(replenish scan) is executed by ultrasounds under
a high acoustic pressure for the purpose of causing
the contrast medium within the section to disappear
and decay and refreshing the section. Incidentally,
the ultrasound scan in the time period should pref-
erably be performed for at least one frame under a
sufficiently high acoustic pressure in order to com-
pletely annihilate and break the contrast medium
within the section.

(3) In a time period from the time t, to a preset time
t3, scan by ultrasounds under a low acoustic pres-
sure or a medium acoustic pressure which does not
break the contrast medium is executed from a state
(at the time t,) where the contrast medium within
the section has been annihilated substantially com-
pletely. Owing to the scan in the time period, echo
signals which are reflective of the quantity of the
contrast medium flowing into the object to-be-diag-
nosed with the lapse of time are collected. Inciden-
tally, the echo signals which are collected in the time
period are, in general, proportional to the quantity
of the inflow contrast medium.
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[0047] Subsequently, a region which is desired to be
estimated by the TIC measurement (hereinbelow,
termed "estimation area") is designated for an ultra-
sound image displayed on the display unit 21 (step S4).
The designation is done by an input from the mouse 13,
the track ball 14 or the like of the operation panel 15.
[0048] Subsequently, the blood-flow-index estimation
unit 25 calculates signal intensities (intensity values) in
individual phases, on the basis of the echo signals col-
lected in the time period t; - t; and the time period t, -
t; at respective sample points on scan lines within the
estimation area, and it plots the signal intensities on a
coordinate plane in which the axis of ordinates repre-
sents the signal intensity, while the axis of abscissas
represents a transmission time. Thus, the estimation
unit 25 estimates a TIC shown in FIG. 4 by way of ex-
ample and a gradient tan y at the time t, as similarly
shown in FIG. 5 (step S5). A recursive operation such
as the method of least square can be used as a tech-
nique for the estimation.

[0049] Incidentally, FIG. 4 shows the TIC obtained by
the analysis process, while FIG. 5 shows an enlarged
diagram corresponding to the time period t; - t5 of the
TIC shown in FIG. 4. In FIGS. 4 and 5, time periods and
signs signify the following contents:

ty - t1 : Echo signal group for acquiring and calcu-
lating the maximum value

t; - to: Replenish

t, - t3: Signal group for calculating the rate of change
for the intensity changes of echo signals (straight
line or curve fitting)

A: Maximum intensity

Formula of a saturation process: f(t) = A(1 -
exp[-pt])

f(t): Echo signal intensity
v: Gradient angle at the starting point of a signal in-
tensity rise

[0050] Subsequently, the blood-flow-index estimation
unit 25 calculates, for example, the A-value (the maxi-
mum value or saturation value), a B-value (a value con-
cerning the inflow velocity of the contrast medium), a
mean transit time (MTT = A/tan v), and time periods in
which the echo signals arrive at values in proportions
designated relative to the maximum value (including a
maximum-value arrival time, etc.) based on the formula
of the saturation process; f (t) = A (1-exp [-Bt]) by utilizing
the signal groups which constitute the estimated TIC
(step S6).

[0051] FIG. 6 is a diagram exemplifying the mean
transit time and the designated-signal-intensity arrival
time which are obtained by the TIC analysis process.
[0052] By the way, in FIG. 6, time periods and signs
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signify the following contents:

to - t1 : Echo signal group for acquiring and calcu-
lating the maximum value

ty - t5: Replinish

t, - t3: Signal group for calculating the rate of change
for the intensity changes of echo signals (straight
line or curve fitting)

A: Maximum intensity

Formula of a saturation process: f(t) = A(1 -
exp[-pt])

S: Area defined including the time t,, the maximum
value A;; and an estimated straight line (or curve)
MTT: Mean transmit time

Pt (o) : Time period in which an echo signal arrives
at a % of the maximum intensity A of signals (max-
imum-value arrival time at o = 100)

[0053] Inthe analysis process, the TIC concerning the
object to-be-diagnosed is uniquely determined. Accord-
ingly, when the TIC obtained is utilized, the time period
Pt (o) can be known by inputting the desired proportion
A+0/100 relative to the maximum value.

[0054] The clinical information Pt(a.) may be present-
ed to the operator in any scheme. Considered as the
presenting scheme is, for example, a display scheme
as will be explained at a step S7 in FIG. 2, or a scheme
in which the analytical result exemplified in FIG. 6 is dis-
played on the display unit 21, and the operator brings a
cursor to the position of the desired proportion A+c/100
relative to the maximum value on the axis of ordinates
and then right-clicks, whereby the information Pt(c) cor-
responding to the proportion is displayed.

[0055] Subsequently, the blood flow information ob-
tained by the TIC analysis process is presented to the
operator (step S7). Regarding the presentation of the
blood flow information, display methods to be explained
below with reference to FIGS. 7 through 9 are effective
by way of example.

[0056] FIG. 7 shows an example in which the index
(namely, TIC) of the blood flow information obtained at
individual points is displayed as a two-dimensional map-
ping image (two-dimensional mapping display) by allot-
ting colors (or intensities) in accordance with the values
of the index. In this case, a color bar which indicates the
relationship between the magnitudes of the index and
the colors should preferably be displayed simultaneous-
ly with the two-dimensional mapping image so that the
index magnitudes can be readily judged. Besides, if nec-
essary, the final frame image by the high-acoustic-pres-
sure ultrasounds employed in the data collection mode
(that is, the final frame image obtained by the scan dur-
ing the time period t, - t,) or the like tissue image, or any
other frame image obtained by the scan sequence may
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well be composited with the two-dimensional mapping
image and displayed as the background thereof.
[0057] FIG. 8 shows an example in which an ROl is
set in a section being a subject for photographing and
a TIC analysis process, and a two-dimensional mapping
image concerning the ROI, as well as an intensity curve
concerning the ROI is displayed. The intensity curve
concerning the ROI is obtained in such a way that an
ROl is further designated within the estimation area, and
that the processing of the steps S5 through S7 is exe-
cuted for this ROI. A plurality of such ROIs can be des-
ignated at desired positions as shown in FIG. 8. Be-
sides, sample points may well be conjointly displayed.
[0058] FIG. 9 shows an example in which, in the two-
dimensional mapping display, only index values corre-
sponding to a designated range in the color bar are dis-
played (filter display). Such a display scheme can se-
lectively extract and indicate an area which has the in-
dex values in the specified range. Accordingly, in a case,
for example, where the index is y or tan y corresponding
to the inflow velocity of blood, the display scheme has
the advantage that an artery-controlled malignant tumor
part as to which the inflow velocity of a blood flow is said
to be comparatively high can be extracted and indicated
by an appropriate range designation.

[0059] Incidentally, in-vivo information to be men-
tioned below by way of example can also be analyzed
by utilizing the information obtained by the TIC analysis.
[0060] FIG. 10 is a diagram showing in-vivo informa-
tion MTB (Mean Transit Beat) which can be analyzed by
utilizing the information obtained by the TIC analysis. In
the figure, the axis of ordinates represents the density,
while the axis of abscissas represents the heart rate.
The MTB may be measured in such a way that the
processing of the same contents as already explained
is executed for the steps S1 through S4 in FIG. 2, and
that the typical values of respective images are plotted
on a coordinate plane representing the density on the
axis of ordinates and the heart rate on the axis of ab-
scissas, on the basis of signals measured by the ECG
1 at the step S5.

[0061] Since the MTB is normalized on the basis of
heart beats, it can be the a parameter which is peculiar
to an individual, unlike the absolute time. As the advan-
tage of the MTB, accordingly, it is possible to expect the
effect of eliminating the different influences of the ages
and figures of individuals on the heart rate, in the esti-
mations of predetermined cardiac phases (for example,
end systole and end diastole).

[0062] As described above, according to the ultrason-
ic diagnostic equipment of this embodiment, after the
pervasion of the contrast medium over the scan section
has been confirmed by the low-acoustic-pressure scan
or medium-acoustic-pressure scan which does not burst
the bubbles, the scan under the high acoustic pressure
which breaks the bubbles is performed, so as to refresh
the section and to acquire the maximum value of echo
signal intensities. Subsequently, the scans employing
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the ultrasounds under the low acoustic pressure or me-
dium acoustic pressure which does not break the con-
trast medium are carried out the plurality of times at the
different timings, thereby to execute the scan sequence
for acquiring the in-vivo information necessary for the
TIC analysis. According to the sequence, the acquisition
of the information which is, at least, necessary for the
TIC analysis requires only the time period in which the
contrast medium falls into a saturation state, and the
time period which is expended since the contrast medi-
um breaking by the high-acoustic-pressure scan, till the
completion of the ultrasound scans under the low acous-
tic pressure or medium acoustic pressure that does not
break the contrast medium.

[0063] Assuming by way of example that a field of
view be 15 cm in the abdominal region, the scans under
the low acoustic pressure or medium acoustic pressure
can be continuously performed in the ultrasonic diag-
nostic equipment, and hence, a frame rate becomes
about 15, though this depends upon conditions. Conse-
quently, regarding the number of data for estimating a
TIC, at sample points on each scan line, there are nearly
45 time series data even when the time period t, - t5 is
assumed to be 3 seconds. Accordingly, the large
number of time series data can be employed in the
shorter time than in the prior-art intermittent transmis-
sion, and an estimation precision can also be height-
ened. Besides, in a case where the time period t; - t4 for
obtaining the maximum value is set at one second, the
data of 15 frames can be collected in the above exam-
ple. Accordingly, the precision of the maximum value
can also be heightened by taking a mean value. In this
case, when the total scan time period is assumed to be
5 seconds, a breath holding period may be short, and a
burden on the person to-be-photographed is lightened.
[0064] In this manner, according to the ultrasonic di-
agnostic equipment, itis possible to perform the contrast
echo examination which satisfactorily exploit the char-
acteristics of the next-generation contrast medium that
it is not broken by the ultrasound of the low acoustic
pressure or medium acoustic pressure. Accordingly, the
ultrasound scan time period can be made shorter than
in the prior art, and a section holding time period and a
breath holding time period may be short. As a result,
burdens on the photographer and the person to-be-pho-
tographed can be lightened. Further, owing to the data
collection for the short time, influences ascribable to the
motions of internal organs can be relieved, and the larg-
er number of time series data than in the prior art can
be employed. Consequently, the estimation precision
can be enhanced. Moreover, since the bubbles do not
continue to be burst as in the case of the conventional
contrast medium, data can be collected many times.
[0065] Besides, according to the ultrasonic diagnostic
equipment, when the photographer manipulates the
switch of the operation panel at a desired timing, the
above scan sequence can be automatically started at a
predetermined timing in accordance with a prestored
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program. Accordingly, the photographer can perform
the contrast echo examination satisfactorily exploiting
the characteristics of the next-generation contrast me-
dium, quickly by the simple manipulation, with the result
that the burden of the job on the photographer can be
lightened.

[0066] Further, according to the ultrasonic diagnostic
equipment, the blood flow information obtained by the
TIC analysis process can be displayed in such a scheme
as the two-dimensional mapping display, the two-di-
mensional mapping display concerning the ROl or ROls
and the intensity curve display, or the filter display. Ac-
cordingly, the observer can quickly observe the obtained
blood flow information in the desired scheme easy of
understanding.

(Second Embodiment)

[0067] In the first embodiment already described, f(t)
= A (1 - exp[-Bt]) was adopted as the formula indicative
of the saturation process, and the time periods in which
the A-value, the B-value and the mean-transit-time echo
signals reached the values of the proportions designat-
ed relative to the maximum values were calculated on
the basis of the formula.

[0068] On the other hand, in the second embodiment,
f(t) = A (1 - Beexp[-pt]) is adopted as a more general
formula indicative of the saturation process, and the A-
value, etc. are computed on the basis of this formula.
Incidentally, letter B denotes an intensity change contri-
bution rate which is determined in accordance with pre-
determined conditions, and which is a desired parame-
ter.

[0069] Methods for determining the intensity change
contribution rate B are as stated below. By way of ex-
ample, the value of the parameter B is changed, and the
B value which minimizes the cumulative absolute-value
error or cumulative squared error between values cal-
culated by the formula f(t) = A (1 - Beexp[-Bt]) and the
values of actually measured sample points (that is, the
B value which affords the highest reliability of a statisti-
cal estimation value) can be determined as the value of
the parameter B. Alternatively, the peculiar value of the
parameter B may well be determined in correspondence
with, for example, a part to-be-diagnosed or a set ROI
on clinical grounds. Further, for the purpose of finely ad-
justing the formula f(t) = A (1 - Beexp[-pt]), the value of
the parameter B may well be determined in such a way
that an operator selects the B value from within the pre-
created table of B values by a manual operation. Such
a process for determining the parameter B is executed
at the calculation processing of the index about blood
flow information (at the step S6 in FIG. 2) by, for exam-
ple, the blood-flow-index estimation unit 25 (in FIG. 1).
[0070] According to the configuration described
above, a quantitative information analysis of still higher
precision can be quickly and readily realized in addition
to the advantages stated as to the first embodiment.
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[0071] Bytheway, the presentinvention is not restrict-
ed to the embodiments as they are, but it can incarnate
ultrasonic diagnostic equipments by modifying the con-
stituents at the stage of performance within a scope not
departing from the purport of the invention. Moreover,
various contrivances can be made by appropriately
combining the plurality of constituents mentioned in the
embodiments. By way of example, some of all the con-
stituents mentioned in each of the embodiments may
well be omitted. Furthermore, the constituents included
in the different embodiments may well be appropriately
combined.

Claims

1. An ultrasonic diagnostic equipment characterized
by comprising:

an ultrasonic probe (4) which transmits and re-
ceives ultrasounds to and from a subject for
photographing within a patient given a contrast
medium;

a drive unit (6, 18, 19) which generates a drive
signal for driving said ultrasonic probe, and
which feeds the drive signal to the ultrasonic
probe;

a control unit (20) which controls said drive unit
(6, 18, 19) on the basis of a sequence for col-
lecting changes-versus-time of a contrast me-
dium density within the subject for photograph-
ing, the sequence being formed so that, after
the contrast medium flowing into the subject for
photographing has substantially fallen into a
saturation state, first ultrasounds at an intensity
at which the contrast medium is broken may be
projected from said ultrasonic probe, and that,
after the projection of the first ultrasounds, sec-
ond ultrasounds at an intensity at which the
contrast medium is not broken may be project-
ed from said ultrasonic probe (4) at least twice;
an analysis unit (25) which analyzes informa-
tion on a blood flow of the subject for photo-
graphing, on the basis of ultrasonic echoes re-
ceived in correspondence with the second ul-
trasounds by the ultrasonic probe, and which
thereby obtains an analytical result; and

a display unit (21) which displays the analytical
result.

2. An ultrasonic diagnostic equipment as defined in
claim 1, characterized by further comprising:

an instruction unit (35) through which an in-
struction of starting the ultrasound scans con-

forming to the sequence is given;

wherein said control unit (20) starts the control
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of said drive unit (6, 18, 19) based on the sequence,
in response to the instruction from said instruction
unit (35).

An ultrasonic diagnostic equipment as defined in
claim 1, characterized by further comprising:

a setting unit (35) which sets at least either a
projection timing of the first ultrasounds or pro-
jection timings of the second ultrasounds;

wherein said control unit (20) controls said
drive unit (6, 18, 19) so that at least either of the first
ultrasounds or the second ultrasounds may be pro-
jected at the timing or timings set by said setting unit
(35).

An ultrasonic diagnostic equipment as defined in
claim 1, characterized in that the information on
the blood flow of the subject for photographing in-
cludes atleast one member selected from the group
consisting of an A-value, a B-value, a product value
between the A-value and the B-value, a time period
in which a signal intensity reaches a predetermined
proportion relative to a signal-intensity maximum
value, and a mean transit time, based on a formula
f(t) = A (1 - exp[-Bt]) where symbol f(t) denotes an
intensity, letter A denotes the maximum intensity,
and letter t denotes time.

An ultrasonic diagnostic equipment as defined in
claim 1, characterized in that:

the information on the blood flow of the subject
for photographing includes at least one mem-
ber selected from the group consisting of a
mean intensity value, a maximum intensity val-
ue, a minimum intensity value, a most frequent
intensity value, an intensity median, and any
other statistical representative value concern-
ing intensity values, for sample points which ex-
ist within the subject for photographing; and
said display unit (21) displays the analytical re-
sultin a scheme in which the information on the
blood flow of the subject for photographing is
indicated as any of numerical values, a table or
a time intensity curve.

6. An ultrasonic diagnostic equipment as defined in

claim 1, characterized in that:

the information on the blood flow of the subject
for photographing includes at least one mem-
ber selected from the group consisting of a
mean intensity value, a maximum intensity val-
ue, a minimum intensity value, a most frequent
intensity value, an intensity median, and any
other statistical representative value concern-
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ing intensity values, for sample points which ex-
ist within the subject for photographing; and
said display unit (21) generates and displays a
two-dimensional mapping image which is ob-
tained by allotting to the sample points, colors
that correspond to magnitudes of the statistical
representative value concerning the intensity
values.

An ultrasonic diagnostic equipment as defined in
claim 6, characterized in that said display unit (21)
generates the two-dimensional mapping image on
the basis of only those sample points within the sub-
ject for photographing which belong to a designated
range, among the sample points of the statistical
representative value.

An ultrasonic diagnostic equipment as defined in
claim 1, characterized by further comprising:

a region-of-interest setting unit (21, 35) which
sets a region of interest on the subject for pho-
tographing;

wherein said analysis unit (25) analyzes the
information on the blood flow of the region of inter-
est, on the basis of the ultrasonic echoes received
by said ultrasonic probe.

An ultrasonic diagnostic equipment as defined in
claim 1, characterized in that:

the information on the blood flow of the region
of interest includes at least one member select-
ed from the group consisting of a mean intensity
value, a maximum intensity value, a minimum
intensity value, a most frequent intensity value,
an intensity median, and any other statistical
representative value concerning intensity val-
ues, for the region of interest; and

said display unit (21) displays the analytical re-
sultin a scheme in which the information on the
blood flow of the region of interest is indicated
as any of numerical values, a table or a time
intensity curve.

10. An ultrasonic diagnostic equipment as defined in

claim 8, characterized in that:

the information on the blood flow of the region
of interestincludes at least one member select-
ed from the group consisting of a mean intensity
value, a maximum intensity value, a minimum
intensity value, a most frequent intensity value,
an intensity median, and any other statistical
representative value concerning intensity val-
ues, for the region of interest; and

said display unit (21) generates and displays a
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two-dimensional mapping image which is ob-
tained by allotting colors that correspond to
magnitudes of the statistical representative val-
ue concerning the intensity values of the region
of interest.

An ultrasonic diagnostic equipment as defined in
claim 10, characterized in that said display unit
(21) generates the two-dimensional mapping image
on the basis of only those sample points within the
subject for photographing which belong to a desig-
nated range, among sample points of the statistical
representative value.

An ultrasonic diagnostic equipment as defined in
claim 1, characterized in that the information on
the blood flow of the subject for photographing in-
cludes atleast one member selected from the group
consisting of an A-value, a B-value, a product value
between the A-value and the B-value, a time period
in which a signal intensity reaches a predetermined
proportion relative to a signal-intensity maximum
value, and a mean transit time, based on a formula
f(t) = A (1 - Beexp[-Pt]) where symbol f(t) denotes
an intensity, letter A denotes the maximum intensity,
letter B denotes an intensity change contribution
rate, and letter t denotes time.

An image processing apparatus characterized by
comprising:

a memory (12) which stores therein echo sig-
nals obtained in accordance with a scan se-
quence for collecting changes-versus-time of a
contrast medium density within a subject for
photographing inside a patient, the scan se-
quence being formed so that, after a contrast
medium flowing into the subject for photograph-
ing has substantially fallen into a saturation
state, first ultrasounds at an intensity at which
the contrast medium is broken may be project-
ed, and that, at different timings after the pro-
jection of the first ultrasounds, second ultra-
sounds at an intensity at which the contrast me-
dium is not broken may be projected at least
twice;

an analysis unit (25) which analyzes informa-
tion on a blood flow of the subject for photo-
graphing, on the basis of the echo signals
stored in said memory (12), and which thereby
obtains an analytical result; and

adisplay unit (21) which displays the analytical
result.

An image processing apparatus as defined in claim
13, characterized in that the information on the
blood flow of the subject for photographing includes
at least one member selected from the group con-
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sisting of an A-value, a B-value, a product value be-
tween the A-value and the B-value, a time period in
which a signal intensity reaches a predetermined
proportion relative to a signal-intensity maximum
value, and a mean transit time, based on a formula
f(t) = A (1 - Beexp[-Bt]) where symbol f(t) denotes
an intensity, letter A denotes the maximum intensity,
letter B denotes an intensity change contribution
rate, and letter t denotes time.

An image processing apparatus as defined in claim
13, characterized in that the information on the
blood flow of the subject for photographing includes
at least one member selected from the group con-
sisting of an A-value, a f-value, a product value be-
tween the A-value and the B-value, a time period in
which a signal intensity reaches a predetermined
proportion relative to a signal-intensity maximum
value, and a mean transit time, based on a formula
f(t) = A (1 - exp[-Bt]) where symbol f(t) denotes an
intensity, letter A denotes the maximum intensity,
and letter t denotes time.

An image processing apparatus as defined in claim
13, characterized in that:

the information on the blood flow of the subject
for photographing includes at least one mem-
ber selected from the group consisting of a
mean intensity value, a maximum intensity val-
ue, a minimum intensity value, a most frequent
intensity value, an intensity median, and any
other statistical representative value concern-
ing intensity values, for sample points which ex-
ist within the subject for photographing; and
said display unit (21) displays the analytical re-
sultin a scheme in which the information on the
blood flow of the subject for photographing is
indicated as any of numerical values, a table or
a time intensity curve.

An image processing apparatus as defined in claim
13, characterized in that:

the information on the blood flow of the subject
for photographing includes at least one mem-
ber selected from the group consisting of a
mean intensity value, a maximum intensity val-
ue, a minimum intensity value, a most frequent
intensity value, an intensity median, and any
other statistical representative value concern-
ing intensity values, for sample points which ex-
ist within the subject for photographing; and

said display unit (21) generates and displays a
two-dimensional mapping image which is ob-
tained by allotting to the sample points, colors
that correspond to magnitudes of the statistical
representative value concerning the intensity
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values.

An image processing apparatus as defined in claim
17, characterized in that said display unit (21) gen-
erates the two-dimensional mapping image on the
basis of only those sample points within the subject
for photographing which belong to a designated
range, among the sample points of the statistical
representative value.

An image processing apparatus as defined in claim
13, characterized by further comprising:

a region-of-interest setting unit (21, 35) which
sets a region of interest on the subject for pho-
tographing;

wherein said analysis unit (25) analyzes the
information on the blood flow of the region of inter-
est, on the basis of the echo signals stored in said
memory (12).

An image processing apparatus as defined in claim
13, characterized in that:

the information on the blood flow of the region
of interest includes at least one member select-
ed from the group consisting of a mean intensity
value, a maximum intensity value, a minimum
intensity value, a most frequent intensity value,
an intensity median, and any other statistical
representative value concerning intensity val-
ues, for the region of interest; and

said display unit (21) displays the analytical re-
sultin a scheme in which the information on the
blood flow of the region of interest is indicated
as any of numerical values, a table or a time
intensity curve.

An image processing apparatus as defined in claim
20, characterized in that:

the information on the blood flow of the region
of interest includes at least one member select-
ed from the group consisting of a mean intensity
value, a maximum intensity value, a minimum
intensity value, a most frequent intensity value,
an intensity median, and any other statistical
representative value concerning intensity val-
ues, for the region of interest; and

said display unit (21) generates and displays a
two-dimensional mapping image which is ob-
tained by allotting colors that correspond to
magnitudes of the statistical representative val-
ue concerning the intensity values of the region
of interest.

22. Animage processing apparatus as defined in claim

10

15

20

25

30

35

40

45

50

55

12

21, characterized in that said display unit (21) gen-
erates the two-dimensional mapping image on the
basis of only those sample points within the subject
for photographing which belong to a designated
range, among sample points of the statistical rep-
resentative value.
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